Objective This study aims to evaluate, through biomechanical tests, the resistance and energy required for proximal femoral fracture in synthetic bones after removing cannulated screws shaped as an inverted triangle, comparing the obtained results to those of a reinforcement technique with polymethylmethacrylate (PMMA) as bone cement. Methods Twenty synthetic bones were used: 10 units for the control group (CG), 5 units for the test group without reinforcement (TGW/O), and 5 units for the test group using a reinforcement technique with PMMA (TGW). The biomechanical analysis simulated a fall on the large trochanter using a servo-hydraulic machine. Results All TGW/O and CG specimens had a basicervical fracture. Three TGW specimens presented a basicervical fracture, and two suffered a fracture near the fixation point of the device (femoral diaphyseal region), with one of them being associated with a femoral neck fracture. A mean PMMA volume of 8.2 mL was used to fill the 3 screw holes in the TGW group. According to the one-way analysis of variance (ANOVA) and the Tukey multiple comparisons tests at a 5% level, the TGW presented a statistically significant difference when compared with the other groups in all parameters: maximal load (p ¼ 0.001) and energy until fracture (p ¼ 0.0001).
Introduction
Osteoporosis is a public health problem for the world population, and it is more prevalent in elderly women. It is characterized by bone mineral density reduction, which decreases the mechanical resistance of this tissue. Its main socioeconomic impact factor is the occurrence of fractures by low-energy trauma, including proximal femoral fracture (PFF), which has the highest morbidity and mortality rate.
1,2
The surgical treatment of these fractures allows resuming of usual activities as quickly as possible through fixation with proximal femoral rods (HFP), cannulated screws (CSs) and/or sliding tube plate (dynamic hip screw, DHS), and joint replacement by hip arthroplasty to reduce the possibility of clinical complications due to patient immobility; all these therapeutic methods are already widely used. 3 The indications for removing the implants used for periprosthetic femoral fracture (PFF) treatment are persistent pain in the gluteal and thigh regions; such pain may be caused by the prominence of the synthetic material, which is common with CSs use due to their usual migration, 4 implant failure or infection. After consolidation of the proximal femoral fracture, implant removal may cause complications, such as possible femoral neck or intertrochanteric fractures, especially in patients with poor bone quality.
2,5,6
Therefore, to describe the results of a static bending test, simulating a fall over the trochanter from synthetic femurs after removing the three CSs shaped as an inverted triangle, in the presence or absence of a reinforcement technique, can lead to the development of clinical trials to determine a more careful indication for synthesis removal.
Material and Methods
This study aimed to evaluate the strength and energy required for proximal femoral fracture in synthetic bone after removing cannulated screws shaped as an inverted triangle comparing results obtained with a reinforcement technique using PMMA. Twenty specimens, model c1010 (Nacional ossos, Jaú, SP, Brazil), made of sponge and cortical polyurethane with 10 pounds per cubic foot (PCF), and a 12-mm medullary canal of the same lot were divided into three groups, including a control group (CG) with 10 femurs, a test group with no reinforcement (TGW/O) with five femurs, and a test group with reinforcement test (TGW) with 5 femurs.
The CG was composed of synthetic femurs with their intact external and internal integrity. On the other hand, in the synthetic femurs from the TGW/O and the TGW, with no previous fractures, three guidewires, shaped as inverted Conclusion The simple removal of the cannulated screws did not reduce significantly the maximum load and energy for fracture occurrence, but the proximal femoral reinforcement with PMMA significantly increased these parameters, modifying the fracture pattern.
Resumo
Objetivo Avaliar, por meio de ensaio biomecânico, a resistência e a energia necessária para ocorrência de fratura do fêmur proximal em osso sintético após retirada de parafusos canulados em forma de triângulo invertido, comparando os resultados obtidos com técnica de reforço utilizando polimetilmetacrilato. Métodos Foram utilizados 20 ossos sintéticos: 10 unidades para o grupo controle (GC), 5 o grupo teste sem reforço (GTS), sem preenchimento após a retirada dos parafusos canulados e 5 o para grupo teste com reforço com PMMA (GTC). A análise biomecânica foi realizada simulando queda sobre o grande trocânter utilizando máquina servo-hidráulica. Resultados Todos os corpos de prova dos GC e GTS apresentaram fratura basocervical. No GTC, três corpos de prova apresentaram fratura baso-cervical enquanto que dois deles apresentaram fratura na parte próxima ao ponto de fixação no dispositivo (região diafisária do fêmur), sendo um deles associado a fratura do colo femoral. Foi utilizado uma média de 8.2 ml de polimetilmetacrilato no preenchimento dos 3 pertuitos do grupo grupo com preenchimento. Segundo a análise de variância (ANOVA) one-way e o teste de comparações múltiplas de Tukey ao nível de 5%, o GTC apresentou diferença estatisticamente significativa em relação aos outros grupos em todos os parâmetros. Conclusão A simples retirada dos parafusos canulados não apresentou redução significativa da carga máxima e da energia para a ocorrência de fratura, porém o reforço do fêmur proximal com polimetilmetacrilato aumentou significativamente esses parâmetros, causando mudanças no padrão fraturário.
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triangles, were introduced equidistant from each other; the inferior one was inserted at the same level of the small trochanter with radioscopic aid in all specimens. Such wires were introduced up to a 5-mm distance from the surface of the femoral head. The wires were measured with the national manufacturer's standard meter (Ortosintese Indús-tria e Comércio Ltda., São Paulo, SP, Brasil), whereas the length of the screws was determined separately. Holes were made with a cannulated drill from the same manufacturer for the use of 7.5-mm cannulated screws, whose length was previously determined at the initial measurement.
In the TGW/O, the biomechanical test was performed shortly after implant removal, with no reinforcement technique. In the TGW group, after implant removal, the synthetic models were submitted to a reinforcement technique with a PMMA-type bone cement provided by Biomechanical (Biomecânica Indústria e Comércio de produtos Ortopédicos, Jaú, SP, Brasil); the cement had normal viscosity, and it filled the path of the cannulated screws after the anterograde introduction of PMMA with a 20 mL syringe (PMMA volume was recorded) (►Fig. 1). Since the femoral canal was inadvertently filled in some specimens, but not the femoral head, an inclusion condition was determined: the entire length of the femoral neck must be filled with PMMA (whereas one of the paths at the femoral head may remain unfilled) and the inadvertent spinal cord filling of less than 5 cm (►Fig. 1). All samples were submitted to static bending tests using a servo-hydraulic machine, model MTS 810 -FlexTest 40, with 100 kN capacity (MTS Landmark Testing Solutions, Eden Prairie, MN, EUA).
The femur was fixed to the test device leaving 150 mm of its length outside the fastening portion, toward the hydraulic piston placed at the base of the test machine at a 10°angle horizontally and 15°of internal rotation measured with a digital goniometer and with the large trochanter supported on a silicone disc of 8 Â 2 cm in diameter (►Fig. 2) A 40 N preload, using a 2 mm/s piston displacement rate, was applied at the femoral head until fracture (►Fig. The results were obtained by an inferential analysis consisting of one-way analysis of variance (ANOVA) and multiple comparisons by the Tukey method in order to check whether there is a significant difference in the maximum load and energy until fracture between the groups. Statistical significance was determined at a 5% level. Statistical analysis was performed using the statistical software SPSS, version 20.0 (IBM Corp., Armonk, NY, USA).
Results
All TGW/O and CG specimens had a basicervical fracture at the femoral neck. In the TGW, three specimens presented a basicervical fracture at the femoral neck, while two had a fracture near the fixation point in the femoral diaphyseal region, one of which associated with a femoral neck fracture (►Fig. 4).
The average PMMA volume used to fill the three cannulated screws holes in each specimen from the TGW group was 8.2 mL.
The parameters analyzed in the CG, TGW/O and TGW presented the following averages, respectively: flow load in ►Tables 1 and 2 describe the flow/stiffness parameters and maximum load/energy until fracture, respectively, according to the group (CG, TGW/O and TGW) and the corresponding descriptive level (p-value) derived from one-way ANOVA. The Tukey multiple comparisons test was applied to identify which groups differed significantly at a 5% level (significant differences column at the table).
It was observed that the TGW, according to the one-way ANOVA, showed a statistically significant difference in relation to the CG and the TGW/O in all parameters: flow load (p ¼ 0.029), energy until flow (p ¼ 0.044), stiffness (p ¼ 0.035), maximum load (p ¼ 0.001) and energy until fracture (p ¼ 0.0001). The application of Tukey multiple comparisons tests at a 5% level also identified that the TGW group presented significantly higher values for the same parameters (►Tables 1 and 2)
Comparing the CG and TGW/O, there is no statistical difference in the parameters of flow load, energy until flow, stiffness, maximum load and energy until fracture, according to the one-way ANOVA and Tukey multiple comparisons test.
Discussion
Proximal femur fractures, especially those on the femoral neck, can be treated with a great number of methods and techniques, especially fixation with cannulated screws because it is an easy surgical procedure. The inverted triangle configuration is studied by several authors, and it is shown to be the most stable option from a mechanical standpoint.
3,6
As such, this conformation was used because it is more widespread in the clinical practice.
Implant removal from the proximal femur was shown to be a risk factor for fractures due to bone fragility in the path of the removed material. 7, 8 For this reason, removal of proximal femoral material should be reserved for selected patients, especially in cases of bone fragility. 2,5 Thus, it is important to describe studies demonstrating the mechanical behavior of this region after synthetic material removal. The use of synthetic models ensures comparable biomechanical properties between groups, and it eliminates variables inherent to human bones (bone density, length, and diameter) that would make the methodological evaluation difficult and its execution almost unfeasible, due to difficult access and legal issues. Although the absolute values are not comparable to those from experimental studies conducted with cadaveric bones because of their structural and biomechanical differences with synthetic bones, the results were compatible when observing the increased force due to proximal femur reinforcement with PMMA.
10-14
The use of PMMA bone reinforcement after implant removal has already been studied. There is a concern about the volume used due to the local thermal reaction. 9, 15 The volume used in our study is similar to that used in other works, showing little local thermal variation.
10,14
Fig . 4 Synthetic specimens with the neck and diaphysis fracture (above) and diaphysis fracture (below) after the mechanical test. Fig. 5 Mean maximum load and 95% confidence interval (CI). In a similar work, in which the author uses the same methodology and the same synthetic model, but with HFP, the results were statistically significant 15 ; our study had a very intriguing result, because the HFP was filled in only one specific place: a 10.5-mm sliding screw tunnel, with a PMMA volume of 9 mL. We noticed that the main difference was the tension provided by the PMMA reinforcement, since two specimens from our study had diaphyseal fractures. This leads us to believe that the reinforcement site is more important than the amount of PMMA used with this technique, and that the inadvertent cementation of the holes can bring unexpected complications.
We also suggested that the possibility of diaphyseal fractures in these specimens may have occurred by the fixation apparatus; however, from the 20 bones tested, all had the same fracture pattern and were fixed with the same apparatus. This hypothesis was discarded, and the fractures were attributed to the actual reinforcement with PMMA and the positioning of the specimen in internal rotation; once the load was axially applied on the femoral head, the incremental movement of internal rotation increased naturally.
It should also be considered as a possible bias in the clinical condition that consolidation leads to a decrease in the actual length of the long axis of the femoral neck, which makes the lever arm smaller and may possibly increase the load and energy required for a new fracture.
Conclusion
The removal of the inverted triangular synthetic material from the proximal femur did not generate greater bone fragility when compared to the CG. The reinforcement of the holes with PMMA resulted in a significant increase in energy and maximum load for fracture.
